Patients and methods
In a prospective study, 504 allo-HSCT recipients were included from Jan 2013 to Jul 2016. The median age was 24 y.o. [2 months to 76 years] including 164 children (<18 yo) and 340 adults. The cohort included 52% male patients. Most patients (74.6%) were diagnosed with high-risk acute leukemia. Allo-HSCT from HLAmatched unrelated donors (MUD) was performed in 58.5%, from matched related donors (MRD), 22.5%; haploidentical HSCT was performed in 19% of patients, predominantly with RIC (67%). EORTC/MSG 2008 criteria for diagnosis and response to therapy were used.
In the patients with pre-transplant lung lesions detected by CT scan, bronchoscopy with BAL was used. "Active IFD" means IFD diagnosed just before HSCT.
Results
Incidence of IFD before allo-HSCT was 15% (n=76). According to EORTS/MSG 2008 criteria, 90.8% of patients had probable and 9.2% presented with proven IFD. Etiology of IFD prior to HSCT was as follows: invasive aspergillosis (IA), 75%; invasive candidiasis (IC), 13%; mucormycosis (Mu), 4%; Pneumocystis pneumoniae (PCP), 1.3%, and combination of IA with Mu (2 cases), IC (n=1), PCP (n=1). The main sites of infection were lungs (95%), other localizations were predominantly combined with lung involvement: sinuses (9%), spleen (6%), liver (6%), and soft tissues (3%). Antifungal therapy before allo-HSCT was used in 75% patients with median duration of 2 months. Complete response to antifungal therapy was observed in 38.2% of the cases, partial response or stabilization was achieved in 35.5%, and "active IFD" was detected in 26.3% of the patients. After allo-HSCT, all the patients received antifungal therapy or secondary prophylaxis according to the IFD etiology. Cumulative incidence of relapse or progression of IFD after allo-HSCT was observed in 14.5%. Active underlying disease (hematology malignancy) at the moment CTT JOURNAL | VOLUME 8 | NUMBER 2 | JUNE-JULY 2019 CLINICAL STUDIES of HSCT was the only risk factor for relapse or progression of IFD after allo-HSCT (11.5% vs 21.1%, p=0,03). We detected no significant differences in the cumulative incidence of acute, chronic GVHD and relapse in the study group as compared to the patients without history of IFD. 3-year overall survival (OS) after allo-HSCT was 67.5%. The impact of prior IFD on overall survival in allo-HSCT recipients was not statistically significant for the entire group (60.5% vs 68.7%, p=0.1), and, separately, for children (50.0% vs 57.4%, p=0,3) and adults (63.3% vs 74.6%, p=0.09). The worst outcome was observed in the patients with "active IFD" and active underlying disease at the moment of HSCT (3-year OS was 20%, p<0.001 compared to patients without history of IFD). However, in the patients with "active IFD" and remission of underlying disease, OS value was similar to survival rate of patients without history of IFD (80% vs 68.7%, p=0.2).
Conclusion
Incidence of IFD before allo-HSCT was 15%. Cumulative incidence of relapse or progression of IFD after allo-HSCT was 14.5%. Prior IFD had no significant impact on transplant-related complications and overall survival in children and adults undergoing allo-HSCT.
Introduction
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the most effective treatment method for lymphoid, haematopoietic and related tissue malignancies as well as non-malignant disorders. In 2017, 18.281 number of allo-HSCT were performed in Europe and associated countries reported by 683 centers in 50 countries, with acute leukemia being the main indication [1] . The approachability and outcome of allo-HSCT are steadily improving due to wide application of reduced-intensity conditioning (RIC), new methods of graft-versus-host disease (GvHD) prophylaxis, haploidentical transplantation, and introduction of novel molecules and drugs for bridge therapy before allo-HSCT, along with prevention and treatment of relapses after allo-HSCT both in adults and pediatric patients [2] [3] [4] [5] [6] [7] [8] Invasive fungal disease (IFD) is a common infectious complication during remission-induction and/or consolidation chemotherapy for aggressive hematologic malignancies. The patients with acute leukemia and high-risk myelodysplastic syndrome are also at high risk for IFD [9] [10] . Some patients with relapsed/refractory lymphoma could be, under some circumstances, also attributed to the high-risk group [11] . Introducing new antifungal drugs and diagnostic procedures has improved prognosis of IFD in hematological disorders. Many of these patients will subsequently be referred for allo-HSCT because of high-risk hematological malignances. The number of patients with IFD who are candidates for allo-HSCT has been also increased, and the problems related to the transplant procedure are pressing now. An observational study of the Transplant Associated Infection Surveillance Network (TRANSNET) suggests that the post-transplant IFD remains problematic, with cumulative incidence rates varying between 5.8 and 7.7% [12] . The role of IFD revealed prior to allo-HSCT is still a subject of controversy. Historically, IFD has been a major barrier for allo-HSCT. Previous studies have shown that invasive aspergillosis (IA) may have a significant role in clinical outcome of allo-HSCT [13] [14] [15] . Fukuda et al. have summarized the 10-year expe-rience of Fred Hutchinson Cancer Research Center, having shown that the post-transplant IA occurred in 13 of 45 patients with a pre-transplant IA history (29%) [16] . Nine infectious events were considered to be recurrent by anatomic site and timing. Compared with all other patients who received allo-HSCT over the same period, the patients with IA history had lower 1-year overall survival rate (56% versus 77%; P=0.0001), and higher transplant-related mortality (38% versus 21%; P=0.0001) by 100 days after HSCT, associated mainly with IA and other pulmonary complications. The CIBMTR data also confirm that 5-year overall survival was 30% (95% Confidence interval (CI): 26-34%) at 5 years in patients with pre-transplant IFD versus 45% (95% CI: 44-46%) in control population (p < 0.0001). The lower overall survival seems to be a composite result of higher relapse rates and higher non-relapse mortality in the patients with pre-existing IFD [17] .
Historically, pre-transplant IFD was considered a relative contraindication to HSCT. However, recent studies have demonstrated a controversial point, e.g., a single-center study on behalf of CIC 725 suggested that IA prior to allo-HSCT did not impair the outcome of transplantation procedure with effective diagnosis and secondary prophylaxis of IFD, as reported at the 41 st Annual EBMT Meeting and 57 th Annual ASH Meeting in 2015 [18, 19] . A retrospective EBMT analysis by the Infectious Diseases and Acute Leukemia Working Parties concerning influence of pre-existing invasive aspergillosis upon allo-HSCT outcome in acute leukemia patients (published online in October 2015 in Bone Marrow Transplantation) confirm our data that, in general, a history of IA should not be a contraindication when considering allo-HSCT in acute leukemia patients [20] [20] . So far, there are no available data on clinical effects of other then IA pre-existing IFD and in pediatric allo-HSCT recipients.
CLINICAL STUDIES
The aim of this study was to estimate impact of prior proven or probable invasive fungal diseases on clinical outcome of allo-HSCT in children and adults.
Patients and methods
We have conducted a prospective single center study, where 504 allo-HSCT recipients were included from Jan 2013 to Jul 2016, with median follow-up time of 20 months and median age of 24 y.o. [2 months to 76 years]. The study cohort included 164 children (<18 yo), 340 adults, 52% were males. Most patients had high-risk acute leukemia (74.6%). Allo-HSCT from MUD was performed in 58.5%; MRD, 22.5%; haplo-HSCT, 19%. Reduced-intensity conditioning regimens (RIC) were predominant (67% of the cases). General characteristics of patients, donors and transplants are outlined in Tables 1, 2 . The patients with lymphoid, haematopoietic and related tissue malignancies as well as non-malignant disorders received primary chemotherapy and other treatment in various regions of Russian Federation, from where most of the data including history of prior IFD were collected. All the patients with CT-detectable lesions at the time of trans- plantation were subjected to diagnostic bronchoscopy with bronchoalveolar lavage (BAL) microscopy, microbiological cultures and galactomannan (GM) test. EORTC/MSG 2008 criteria were used for the diagnosis of proven and probable IFD as well as to evaluate response to therapy. An "active" invasive fungal disease means IFD diagnosed just before allo-HSCT during examination at <1 month before starting the conditioning regimen.
The following primary endpoints were used: incidence of pre-existing IFD, incidence of relapse or progression of IFD after allo-HSCT, and overall survival (OS). The secondary endpoints included influence of pre-existing IFD on other outcomes of allo-HSCT, i.e., acute GvHD, chronic GvHD, relapse of underlying disease.
Overall survival was estimated using the Kaplan-Meier method. Mortality due to any cause was considered as a distinct event. Patients alive at the end of the follow-up were censored at this date. Patients with pre-existing IFD and without pre-existing IFD will be compared by the log-rank test. A Cox regression was applied, in order to compare the outcomes the study groups.
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Results
The overall incidence of IFD before allo-HSCT was 15% (n=76). According to EORTS/MSG 2008 criteria 90.8% of patients had probable IFD, and 9.2% exhibited proven fungal invasion. Patients with lymphoma, as well as those with acute myeloid leukemia had a higher rate of pre-existing IFD at the time of allo-HSCT (Fig. 1) .
The pathogens detected in IFD prior to allo-HSCT were as follows: invasive aspergillosis, 75%; invasive candidiasis (IC), 13%; mucormycosis (Mu), 4%; Pneumocystis pneumoniae (PCP), 1,3%; combination of IA with Mu was found in 2 patients, IC in one case, and PCP, in one another case (Fig. 2) . The main sites of infection were lungs (95%), other affected sites were predominantly combined with lung lesions, i.e., maxillary or frontal sinuses, 9%; spleen, 6%; liver, 6%, and soft tissues, 3% (Fig. 3 ). Cumulative incidence of relapse or progression of IFD after allo-HSCT was 14.5% (Fig. 4 ). Active underlying disease at the moment of HSCT was the only risk factor for relapse or progression of IFD after allo-HSCT (11.5% vs 21.1%, p=0.03) ( Fig. 5 ). We detected no significant differences in cumulative incidence of acute or chronic GVHD, and relapse rates in the study group as compared to the patients without history of IFD. Patients and HSCT characteristics, CMV reactivation, graft hypofunction did not show any significant association with incidence of relapse, or progression of IFD after allo-HSCT. The characteristics related to pre-existing IFD (status of IFD at the HSCT, time from IFD to HSCT, duration of antifungal therapy before HSCT) also had no impact on probability of relapse or progression of IFD after allo-HSCT. Three-year OS after allo-HSCT was 67.5%. The impact of prior IFD upon overall survival in allo-HSCT recipients was not statistically significant in the entire group (60.5% vs 68.7%, p=0.1) ( Fig. 6 ). Similar results were obtained for the separate groups of children (50.0% vs 57.4%, p=0.3), and adults (63.3% vs 74.6%, p=0.09). The main outcomes of allo-HSCT are presented in Table 3 .
CumulaƟve incidence of relapse or progression of IFD days aŌer allo-HSCT
The worst outcome was observed in patients with "active IFD" and active underlying disease at the moment of allo-HSCT (3-year OS -20%, p<0.001; HR (95% CI): 5.81 (2.81 -11.87)). However, OS values in patients with "active IFD" and remission of underlying disease were similar to survival rate of patients without history of IFD (80% vs 68.7%, p=0.2, p=0.57, HR [(95% CI): 0.67 (0.16 -2.71)] (Fig. 7) .
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Discussion
In the present study, we analyzed large data set of patients with different hematological malignancies and non-malignant disorders undergoing allo-HSCT between 2013 and 2016 in a single BMT center (CIC 725). We would highlight the real-life character of study. The entire cohort of allo-HSCT recipients was included in the observation period without exception of any patients, regardless of underlying disease or status at the moment of allo-HSCT. Also we would emphasize the participation of pediatric cohort that was presented by 164 children.
In our population of allo-HSCT recipients, 15% had proven and probable invasive fungal disease before transplantation. Moreover, most of them (>60%) had signs of the infection at the moment of allo-HSCT. We believe that there are several factors that could contribute to our results. Out BMT team has wide diagnostic opportunities and an active diagnostic strategy related to infections, and is able to perform the on-place assessment of infectious state of the patient before allo-HSCT, because of lacking necessary diagnostic procedures in most regions where the patients were initially treated. Due to successful implementation of such strategy, we are more often prone for active treatment and avoiding delays with allo-HSCT. An unexpected result for us is the fact that a quarter of patients with lymphomas had IFD before allo-HSCT. This result may be due to high pre-treatment burden in these patients, most of them were patients with Hodgkin lymphoma who underwent more than 6 lines of chemotherapy before allo-HSCT.
Our study has also shown that the cumulative incidence of relapse or progression of invasive fungal disease after allo-HSCT was 14.5%. The only risk factor for relapse or progression of IFD was lack of complete remission of the underlying disease at the moment of HSCT. That result corresponded to the earlier reported data [16], but we didn't find any additional risk factors associated with bone marrow transplant procedure or antifungal treatment before allo-HSCT.
In the present study, we demonstrated that invasive fungal disease prior to the allo-HSCT did not impact on outcome of this treatment in children and adults. We suggest that there are several features that may have endow to obtained results.
Firstly, our study included allo-HSCT recipients who have been transplanted over recent years, in comparison with published studies [13] [14] [15] [16] 20 ]. An overall better supportive care management was applied over last years, thus improving, specifically the outcome of allo-HSCT in patients with infectious complications including IFD. We believe that active diagnostic strategy and wide implementation of modern medications for secondary prophylaxis in our center played a role in improving the outcome of allo-HSCT in the patients with pre-existing IFD. It has been shown in several trials that secondary antifungal prophylaxis with voriconazole leads to considerably lower IA relapse rates as compared with those reported in historical controls, since Aspergillus spp. is a prevailing pathogen in pre-transplant IFD in our study [21] [22] [23] .
Secondly, this study demonstrated the central role of the underlying disease status upon outcome of the allo-HSCT, and influence on the course of the infectious complications after HSCT, IFD in our case. Active underlying disease at the moment of HSCT was the only risk factor for relapse or progression of IFD and impaired outcome of allo-HSCT. This hypothesis is supported by publications from a French-Belgium study group, demonstrating that the outcome of severe infectious complications in patients with hematological malignancies has been considerably improved during the last decade and is mostly determined by the status of the underlying disease [24] [25] .
Thirdly, our study has limitations due to relatively small study cohort from a single center data. That is why the result may be not accurate enough to evaluate the effect of IFD upon allo-HSCT outcome. At the same time, it reflects the situation during certain time which significantly affects the results obtained. Therefore, we cannot exclude the possibility that pre-existing IFD has a higher adverse impact on allo-HSCT outcome than our data may suggest.
In conclusion, we found out no significant impact upon important allo-HSCT transplant outcomes, such as survival, GvHD and relapse. Our data suggest that a history of IFD should not be considered a contraindication for allo-HSCT. We are currently continuous an observational prospective study to be able to more precisely investigate the impact of IFD on allo-HSCT.
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